ABSTRACT: Metabolizable protein (MP) requirements of spring calving heifers increase over the winter due to advancing gestation. The MP content of grazed winter forage is low, which may result in an MP deficiency. The objective was to compare the response of supplementing pregnant yearling heifers to meet MP requirements versus conventional CP supplementation. In 1997-98 and in 1998-99, pregnant, March-calving heifers (2,120 animals; 358 kg) at two locations of a commercial ranch in the Nebraska Sandhills, were used following breeding through calving as 2-yr-olds (cows). Heifers were randomly allotted to one of two supplementation treatments (about 265 heifers/treatment) each year at each of two locations (Ashby and Whitman, NE). Treatments were 1) supplementation to meet MP requirements (MPR) or 2) supplementation to meet CP requirements (CPR). Heifers grazed upland range and meadow and were offered supplements three times weekly from mid-September to mid-or late-February. Increasing amounts of meadow hay were fed from mid-December through calving. After supplementation ended in February, heifers were managed in one group at each location until the following October. Body
Introduction
In order for young cows to recover costs of development and 2-yr-old wintering, they often must stay in the production system for multiple years. Failed reproduction can have marked effects on the value of young females (Meek et al., 1999) . Nutritional systems that facilitate 563 weights and body condition scores were taken in September, February, and October. Two-yr-old pregnancy rates were determined via rectal palpation in October. Capital budgeting techniques were used to determine the economic return of supplementation strategies. There were no differences in BW (P = 0.41) or body condition score (P = 0.99) change during the winter among treatment groups across years and locations, but MPR cows were heavier (425 kg) than CPR cows (421 kg) at the time of 2-yr-old pregnancy testing (P = 0.07). Pregnancy rate was higher (P = 0.001) in the MPR (91%) compared to the CPR treatment (86%). Regression analysis showed that the response of the MPR treatment on pregancy rates tended to be negatively correlated with precalving body condition score (P = 0.11), body condition score loss over the winter (P = 0.07), and body condition score at weaning of the first calf (P = 0.08). The improvement in 2-yr-old pregnancy by supplementing to meet MP requirements improved the value of each bred heifer by $13.64. We conclude that balancing MP requirements during gestation may result in a subsequent increase in 2-yr-old pregnancy and increase the value of young females. increased 2-yr-old pregnancy have the potential to increase expected lifetime profitability of the pregnant heifer. Due to the time value of money, however, it is important to estimate the expected returns on any additional investment into young females. Capital budgeting techniques can be used to estimate the profitability of inputs into young females (Meek et al., 1999) .
Microbial crude protein production is often inadequate in meeting the metabolizable protein (MP) requirement of young, growing cows, resulting in a need for supplemental undegradable intake protein (UIP, Klopfenstein, 1996) . Patterson et al. (2000a) reported that winter supplementing pregnant heifers to meet MP requirements improved heifer weight gain in the fall, but MP supplementation had little effect on weight and body condition score change from October to February. Improving the nutrient status of cows and heifers before calving can decrease postpartum interval (Bellows and Short, 1978) , which may improve reproductive performance (Short et al., 1990) .
Reproductive responses to supplementing heifers grazing Nebraska Sandhills winter range to meet MP requirements vs CP requirements have not been documented. It is hypothesized that supplementing to meet MP requirements will improve 2-yr-old pregnancy and thus the net present value of pregnant heifers. The objective of this study was to determine the response of supplementing primiparous heifers grazing fall-winter range to meet MP vs CP requirements on BW and body condition score change, 2-yr-old pregnancy, and the net present value of pregnant heifers.
Materials and Methods
In 1997-98 (1,059 heifers; 350 kg) and 1998-99 (1,061 heifers; 369 kg), pregnant heifers at a commercial ranch in the Nebraska Sandhills were used following breeding as yearlings through pregnancy testing as 2-yr-olds. Heifers were crossbred between Red Angus (60%), Hereford, Tarentaise, Simmental, and other breeds. Bulls used on yearling and 2-yr-olds were of similar breeding. The average calving date was March 25 of each year. Heifers were randomly allotted to one of two treatments (approximately 265 heifers/treatment) each year at both the Ashby and Whitman, NE, locations of the Rex Ranch. Heifers grazed fall-winter upland range and meadow from mid-September to mid-or late-February of each year. Range sites at each location included sands, choppy sands, and subirrigated meadows. Treatments were 1) supplementation to meet MP requirements (MPR) or 2) supplementation to meet CP requirements (CPR). Feather meal was used as a source of UIP in the MPR supplement (Table 1) . Supplements were pelleted (5 cm) and fed on the ground to each treatment group three times weekly. In 1997-98, supplements were fed from September 17 to February 27. In 1998-99, supplements were fed from September 18 to February 15. The MPR supplement was fed to meet MP requirements, supplying increased CP and UIP over time (Table 2 ). The amount of CPR supplement fed increased from September to October, then remained constant throughout the supplementation period (fed to meet CP requirements; Table  2 ). Commercial mineral and salt were available as selffed supplements at all times.
At each location, heifers were rotated through pastures that had been previously grazed in the summer. Heifers at Ashby rotated through five pastures each year, whereas Whitman heifers rotated through six pastures. Each treatment group was given access to pastures with similar standing herbage and level of grazing pressure. All heifers within a treatment group grazed and were supplemented together. Meadow hay was fed at the discretion of the manager at each location in each year, depending on weather and forage availability. Each treatment group at each location was fed similar amounts of hay during each year. Hay was fed three times weekly on alternate days from supplement feeding. Heifers from each treatment at each location were managed in one group from the time of supplement termination to the following October of each year. Approximately 7.3 kg/d (OM basis) of meadow hay (Table 3) was fed to each heifer daily, and range was available from the time of supplement termination until calving. After calving, approximately 8.8 kg (OM) of meadow hay (average 10.2% CP, 2.2% UIP, 78% NDF) and 1.8 kg of alfalfa hay (20% CP, 2.5% UIP, 68% NDF) were fed daily to each cow until available grazing in early May. Lactating 2-yr-old cows were exposed to a mix of mature and yearling bulls for 60 d beginning June 10 of each year.
In 1997-98, heifers were individually weighed (no prior feed restriction) and assigned a body condition score on September 15 and 16, February 27 and 28, and on October 21 and 22 (one day for each location). Body condition scores were assigned by two trained technicians based on palpation of the ribs and vertebra. Scores were assigned on a 1 (emaciated) to 9 (obese) scale (Richards et al., 1986) . Weaning weights were taken on calves (no prior feed restriction) on August 14 at Whitman and September 3 at Ashby. Pregnancy was determined via rectal palpation on October 21 and 22. In 1998-99, heifers were weighed and body condition scored on September 16 and 17, February 16 and 18, and October 25 and 27. Weaning weights were taken on calves on August 19 at Whitman and September 2 at Ashby. Pregnancy was determined via rectal palpation on October 25 and 27.
Diets of grazed forage were collected using esophageally fistulated cows on October 6, December 5, and February 10 in 1997-98, and diets were collected October 20, January 15, and February 18 in 1998-99. Fistulas in cows were previously established in accordance to University Animal Care and Use Guidelines. At each location on each date, diets were collected using three cows in the pasture where each treatment group would be subsequently rotated. The February 18 diets in 1998-99 were collected following grazing by the heifers. Diets were collected by allowing cows to graze without the esophageal plug for 20 to 30 min. Extrusa was collected in screen-bottom bags and subsequently frozen. Extrusa samples were freeze-dried, and one-half of each sample was ground to pass a 1-mm screen and one-half a 2-mm screen using a Wiley Mill. Samples were analyzed for DM and OM by AOAC (1990) methods (1-mm grind). In vitro organic matter disappearance (IVOMD) and IVDMD were determined using a modified Tilley and Terry (1963;  48-h incubation in ruminal fluid followed by 24 h in acid and pepsin) procedure with the addition of 1 g urea to the buffer mixture (Weiss, 1994) . Forage UIP (and thus degradable intake protein; DIP) was determined as described by Klopfenstein et al. (2001) . In brief, samples ground to 2 mm were incubated in situ for 48 h and NDF extraction was performed on the in situ bags (Mass et al., 1999) . Forage UIP was determined by the amount of neutral detergent insoluble nitrogen remaining after 48 h. A 48-h incubation period was chosen to represent the estimated mean retention time of forage particles in the rumen (2% rate of passage as determined by Lamb, 1996) . The mean nutrient content (or analytical value) of the six samples collected in the two pastures at each location was used to represent the diet quality for each treatment at that time. Samples of meadow hay were taken with a core sampling device and analyzed as described above. Intake and nutrient data were used in the NRC (1996) model to determine nutrient balance of the heifers at the time of each diet collection. Intakes were estimated using data reported by Patterson et al. (2000a) . In general, forage OM intake (range + hay) was estimated to be 2.0% of BW in October, 1.9% in December, 1.8% in January, and 1.7% in February. Patterson et al. (2000a) showed that the MPR and CPR treatments did not affect forage intake; therefore, we assumed supplement and nutrient balance had no impact on forage intake. Range diet CP and UIP were calculated on an OM basis and adjusted to DM (for modeling) assuming 10.0% ash. Diet TDN was estimated from IVDMD. Microbial efficiency was assumed to be 11.5% in October, when estimated diet TDN values ranged from 59 to 63%. In the January 1999 samples from Ashby, diet TDN was estimated to be 56%. In this case, 10.0% microbial efficiency was assumed. All other diets were between 46 and 53% estimated TDN, and a microbial efficiency of 9.5% was assumed. Estimates of microbial efficiency were based on a maxium efficiency of 13% with decreasing microbial efficiency with decreasing forage quality (NRC, 1996) .
Budgets were set up starting with an arbitrary 100 pregnant heifers both in 1998 and 1999, corresponding to the years that supplement treatments were applied. Budgets were consistent with management where the experiment was conducted and were similar to that reported by Meek et al. (1999) working with the same operation. Actual data from the operation were used to determine pregnancy, weaning, cull, and death rates, annual cow costs, and the weight of cattle marketed (either calves or cull females). Costs and performance data were available on four management groups of cattle: 1) 2-yr-olds, 3-yr-olds, mature cows (4 to 7 yr) and old cows (10 to 15 yr). All costs were inflated by 2.0% per year. Because costs and performance were similar across locations, one set of costs and performance data was used to represent cattle from both locations.
A traditional marketing system was assumed with calves and open cows sold in October and cull cows in May. Both bull and heifer calves were assumed to be sold at weaning, although the ranch described in this study selects replacements from the heifer calf pool. The value of replacement heifers was assumed to equal the value of market heifers. Revenue was calculated using actual prices received for 1998 through 2000. Market prices for years 2001 through age 15 of the cows were estimated by historical data reported from 1990 back through 1978 (Wellman, 1998) . For example, 1990 prices were used to represent 2001, 1989 to represent 2002, and so on. The 1978-90 prices were used to estimate timing in the cattle cycle consistent with observed timing at the time of the experiment. Annual net cash flow was determined for the original set of 100 females for each year up to when the cattle turned 15 yr of age. The inventory of cows changed each year within each budget, as it was reduced by the number of cows sold or dead. All cows remaining at age 15 were considered to be sold.
Since the CPR treatment was the conventional supplementation protocol for this operation, the 2-yr-old pregnancy rate for the CPR treatment was used as the "base" for each location within each year. Pregnancy rate of 2-yr-old cows from the MPR treatment was then used in the budget to determine change in lifetime cash flow due to the change in 2-yr-old pregnancy associated with that treatment. Effects of treatments on 2-yr-old pregnancy were assumed to not affect future production parameters.
Net present value of the bred heifers (2-yr-old production year) was determined from the budgets using the formula: net present value = E1/(1
, where E is net cash flow in each year 1 through n (n = 15 in this case), and i is the discount rate.
A discount rate of 8.0% was used for all calculations, and this was assumed to be a real rate of discount. The net present value of pregnant heifers was calculated for both treatments at each location within each year. Net present value per head was calculated by dividing total net present value by 100.
The MPR supplement cost an average of $19.93/heifer in 1997-98 and $14.97/heifer in 1998-99. The CPR supplement averaged $16.91/heifer in 1997-98 and $14.38/ heifer in 1998-99. The difference between MPR and CPR supplement cost was lower in 1998-99, because of ingredient costs and the fact that the trial ended earlier in February of 1999 before the scheduled increase in the amount of MPR to be fed.
Cow BW, body condition score, ADG, body condition score change, calf weaning weight, and calf weight per day of age at weaning were analyzed using Proc GLM of SAS (Sas Inst. Inc., Cary, NC). Treatment, ranch, and year were class variables and all two-way interactions were included in the model (n = 8). Treatment × year × ranch was the error term. Two-year-old pregnancy data were analyzed as binomial data with chi-square analysis using the LOGIT function of Proc GENMOD of SAS (which allows categorical data to be modeled like regression). Treatment × year × ranch was the error term (n = 8; events = 1,871; trials = 2,119). Treatment, ranch, and year were class variables, and all two-way interactions were used in the model. Linear and quadratic regressions of the pregnancy response (MPR-CPR) on production traits at each ranch during each year were tested in Proc GLM.
Results and Discussion
Although cow BW did not differ between treatments in September and February, cows on the MPR treatment had a higher BW (P = 0.07) in October (2-yr-old pregnancy check time) than CPR cows (Table 4) . Treatments did not differ for any other trait. Cows in Whitman during 1997-98 had lower BW and body condition score in October than Whitman cows in 1998-99, resulting in year × ranch interactions (P = 0.03) for those traits. In addition, there was a treatment × ranch interaction (P = 0.08) for October body condition score; MPR cows had a higher October body condition score than CPR cows in Ashby but not Whitman. There was a treatment × year interaction (P = 0.03) for the change in body condition score from September to October. The interaction was present because MPR cows had more body condition score loss during that time than CPR cows in 1997-98, but not 1998-99. Ashby cows had a larger overall (September to October) body condition score loss in 1998-99 than 1997-98, resulting in a year × ranch interaction (P = 0.01). Calves from Ashby had higher weaning weights in 1997-98 than in 1998-99, resulting in a year × ranch interaction (P = 0.07) for that trait.
Cows on the MPR treatment had a higher (P = 0.001) 2-year-old pregnancy rate (91%) than cows on the CPR treatment (86%). A year × ranch interaction (P = 0.0004) existed for pregnancy rate. In 1997-98, pregnancy rates averaged 95% and 80% at Ashby and Whitman, respectively. In 1998-99, pregnancy rates were 92% and 87% at Ashby and Whitman, respectively. Regression analysis of the pregnancy response of the MPR treatment (MPR-CPR at each ranch during each year) revealed that the pregnancy response tended to be linearly (negatively) related to body condition score in February (P = 0.11), body condition score in October at pregnancy checking (P = 0.08), and body condition score loss over the winter (P = 0.07).
The effects of prepartum nutrition on reproduction have been documented. Bellows and Short (1978) reported that cows and heifers with moderate levels of prepartum nutrition had lower weights and body condition scores at calving, longer postpartum intervals, and a lower percentage of cows cycling at the start of the breeding season than cows and heifers on high levels of prepartum nutrition. In young cows, extended postpartum intervals can have negative effects on pregnancy (Short et al., 1990) . In the present study, the trend for pregnancy response to be related to February body condition score may be due to the importance of body condition score at calving on postpartum interval. Richards et al. (1986) reported that the postpartum interval was 12 d longer if cows calved at a body condition score of 4 or lower than if they calved at a body condition score of 5 or greater. When body condition score at calving was lower in the current study, pregnancy rates were reduced and the response to the MPR treatment was larger. The change in body condition score during the winter also may have affected pregnancy and the response to the MPR treatment. Lalman et al. (1997) concluded that body condition score at calving was a better indicator of postpartum interval than pre-or postpartum BW or body condition score change. In contrast, Dunn and Moss (1992) suggested that cows in moderate condition (body condition score of 4 to 6) at calving that gained weight precalving had shorter postpartum intervals than cows in similar condition that lost weight precalving.
The effects of the MPR treatment on pregnancy cannot be explained by improved body condition score or weight change prior to calving. Although MPR heifers were heavier in October, calf weaning weight data do not lend support to altered milk production. The difference between treatments in October BW likely carried over from the numerical differnces noticed in February (prior to calving). Patterson et al. (2000a) found a small response of MP supplementation on winter weight change of heifers in one of two years. Karges (1990) , using BW change as an indicator, concluded that cows consuming low-quality hay did not require gestational UIP supplementation. However, Miner et al. (1990) found that the addition of either blood meal or corn gluten meal to soybean meal supplements for gestating beef cows grazing on native range in Montana decreased body condition score loss over the winter compared to soybean meal alone or no supplementation. Effects of UIP supplementation during gestation may involve altered endocrinology in the postpartum cow. Lalman et al. (2000) , working with beef heifers, found that the length of the postpartum interval was negatively correlated with serum levels of IGF-1 and insulin but positively correlated with serum GH. Protein supplementation has been shown to increase insulin release (Wiley et al., 1991) . Insulin can interact with GH and its binding in the liver, which may affect IGF-1 release (Keisler and Lucy, 1996) . Hormones such as IGF-1 may affect tissue responsiveness to LH (Beam and Butler, 1999) . Other compounds, such as amino acids, glucose, cholecystokinin, and neuropeptide Y, also have been implicated as potential links of nutrition to reproduction (Keisler and Lucy, 1996) .
The increase in pregnancy rate reported for the MPR treatment is similar to that reported with gestational fat supplementation. Bellows (1997) reported that pregnancy rates in a 53-d breeding season were higher in heifers fed 4.9% fat diets during gestation (83.3%) than heifers fed 1.7% fat diets during gestation (79.6%). Lammoglia et al. (1996) found that high levels of fat (14 d prepartum to 22 d postpartum) decreased circulating estradiol concentrations before calving compared to low or moderate levels. The authors hypothesized that the enzyme 17α-hydroxylase, which converts progesterone to estradiol, was suppressed in the high-fat supplemented cows. In addition, the authors reported greater plasma concentrations of progesterone and cholesterol in cows supplemented with fat. Although the exact mechanisms of prepartum nutrition on subsequent reproduction are not fully understood, supplementation of UIP during gestation, like fat supplementation, may increase pregnancy rates.
The CP, UIP, and IVOMD of diets collected during the 2 yr are shown in Tables 5 (Ashby) and 6 (Whitman). Crude protein of cow diets was higher in October of 1997 than October 1998. Diets were collected earlier in 1997 (October 6) than in 1998 (October 22), and advancing season may partially explain the difference. Cows at Ashby selected diets from a riparian area in October 1997, explaining the 18.3% CP measured in those diets. Diet quality does not explain the difference in pregnancy rates or over-winter body condition score loss between the Ashby and Whitman locations. Diet CP and IVOMD were generally higher in all situations in this study than reported at another location in the Nebraska Sandhills during the same period of time (Patterson et al., 2000a) . Diets in the present study were collected prior to grazing by the heifers. Diet quality has been shown to decline in the Nebraska Sandhills with increased grazing pressure (Yates et al., 1982; Downs, 1997; Patterson et al., 2000b) . However, the diets collected after removal of heifers from pastures in February of 1999 were not lower in CP or IVOMD than reported at earlier times. The diets reported here are similar in quality to those reported from 3 yr of collection in the Sandhills by Lardy (1997) . Most of the change in CP was from DIP, as UIP remained fairly constant between 1.5 and 2.2% of OM. The largest effects on nutrient balance may have been created by different intakes or hay qualities (Table 3) .
The nutrient balances of the heifers are shown in Tables 7 (Ashby) and 8 (Whitman). At Ashby, nutrient bal- ances were similar between 1997-98 and 1998-99 until February. At Ashby, both MP and energy were more deficient in February 1999 than in 1998, potentially explaining a greater response to the MPR treatment in 1999 (pregnancy rates were 95% for both treatments in 1998; pregnancy rates were 95% and 88% for MPR and CPR, respectively, in 1999) . The amount of hay fed at Ashby in 1998-99 was less than the previous year, and the hay was poorer quality. At Ashby, an MP deficiency did not occur in the CPR treatment until February. The MPR treatment supplied enough UIP to meet the MP requirements in February. Degradable intake protein was deficient in the MPR treatment at both locations in October 1998 due to high diet digestibility and moderate CP. The MP balances reported account for DIP deficiency, so MP balance was still positive in October 1998 at Ashby. At Whitman, MP became limiting to the CPR treatment in February of both years, and the MPR supplement alleviated the deficiency. Energy was markedly deficient in February of both years at Whitman, potentially explaining the lower pregnancy rates at Whitman (pregnancy rates were 84% and 75% in 1998 and 89 and 85% in 1999 for MPR and CPR, respectively) . These data show that the pregnancy response to the MPR supplement likely came from an improved MP balance in late gesta- tion. The improved MP balance during late gestation was more beneficial to pregnancy rates when heifers were lower in body condition and (or) energy balance during that time. Effects of gestational UIP supplementation occurred even though supplements were not fed immediately before or after calving. Although heifers started calving in early March, the last days to feed the treatment supplements were 25 and 35 d before the average calving date in 1998 and 1999, respectively. The 1996 NRC equations predicted the meadow hay and range diet offered during this time was deficient in MP (150 to 200 g/d deficient). Metabolizable protein requirements increase exponentially during the 3 wk before calving (NRC, 1996) . Al- though it is surprising that reproduction was positively affected without supplementation 25 to 35 d before calving, it is possible that greater improvements in 2-yr-old pregnancy rate would have been noticed had UIP been supplemented through the calving season. The NRC (1996) predicted that cows were approximately 125 g/d deficient in MP at 30 d postpartum. Net present value of heifers on the MPR treatment averaged $887.51 compared to $872.17 for heifers on the CPR treatment. When the additional cost of the MPR treatment was accounted for, the average return for implementation of the MPR treatment was $13.64 per heifer. Assuming 2-yr-old pregnancy was the only production trait changed, supplementing heifers to meet MP requirements increased the value of each bred heifer entering the system by $13.64. These economic data show that improving pregnancy rate by strategic supplementation can add marked value to young beef females. The importance of reproduction in young breeding females to profitability has been demonstrated in previous studies (Meek et al., 1999) Supplementing heifers over the winter to meet MP requirements improved 2-yr-old pregnancy rates. Improved 2-yr-old pregnancy resulted in the heifers having a greater value and expected profitability. The response of MP supplementation on reproduction was not caused by improved weight or body condition score change prior to calving, and the response may have involved endocrine mechanisms. Defining such mechanisms would help nutritionists to develop economical systems to optimize reproduction in young cows.
Implications
Improving reproduction in young females is important to ranch profitability, and nutritional management during gestation is important to reproduction. Large feed inputs into the pregnant heifer to improve reproduction may not be economically sustainable. Pregnant heifers may respond to supplemention to meet MP requirements, especially if they are losing body condition during the winter. Rather modest nutritional inputs into nutritionally stressed heifers can have marked effects on profitability.
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